Introduction
Room-temperature ionic liquids (ILs) possess unique properties, such as a high ionic conductivity, negligible volatility and high thermal stability, etc.; therefore, a number of chemical studies have been performed to explore this new class of solvents. 1, 2 Macroscopic properties, such as melting points, density, ionic conductivity, viscosity and so on, have been widely investigated in order to characterize the solvent properties of ILs. 3 However, it is not easy to characterize such solvent properties only from a macroscopic viewpoint. We reported on liquid structures of ILs from a microscopic viewpoint, and pointed out that novel properties of ILs as a solvent are mainly originated from its ion-ion interaction, which essentially differs from conventional molecular solvents. 4 The ion-ion interaction in ILs strongly depends on the composing ions (cation and/or anion), the alkylchain length of the cation and the hydrogen bonding capability to give a specific solvation environment of such solutes as metal ion, low-weight molecule and polymer in the ILs. [5] [6] [7] [8] The miscibility of polymer and solvent IL varies as the temperature changes, and polymer/IL solutions often exhibit an upper critical solution temperature (UCST) or lower critical solution temperature (LCST) phase behavior. 9 It is well-known that poly(N-isopropylacrylamide) (PNIPAm) exhibits the LCST phase behavior at near room-temperatures in aqueous solutions. 9 On the other hand, we have found for the first time that PNIPAm undergoes a completely opposite UCST-type phase separation in a typical hydrophobic IL, [12] [13] [14] The specificity of the LCST phase behavior in an aqueous polymer solution is often explained in terms of hydrophobic hydration, i.e., a positive entropy change (ΔSdemix from the solution state to the phase-separated state) arising from a disruption of the structured water molecules surrounding the hydrophobic group in the polymer around the cloud point, Tc. Through our previous study of the PBnMA/IL system, 14 ]), exhibits lower critical solution temperature (LCST)-type phase separation. In this work we investigated the solvation structure of benzyl methacrylate monomer in the ionic liquid by using high-energy X-ray diffraction with the aid of a molecular dynamics simulation. It was found that the C2mIm cation orderly distributes above and below a benzyl group within benzil methacrylate (BnMA), while the TFSA anion distributes around the equatorial position of the benzyl group where no cation distribution is found, with a weak interaction between TFSA and BnMA. The relationship between specific solvation and the LCST phase separation mechanism was considered at the molecular level. solutions. The present work using this model monomer allows us to give some information about a microscopic solvation state, particularly in a side-chain within PBnMA, in IL. We finally discuss the relationship between the specific solvation of BnMA and the LCST phase separation mechanism.
Experimental

Materials
The [C2mIm + ][TFSA -] ionic liquid examined here was synthesized according to an ordinary well-known method. 15 BnMA was purchased from Wako, and was purified by distillation under reduced pressure over CaH2 prior to use.
HEXRD measurements
HEXRD measurements were carried out using a 2-axis diffractmeter built at the BL04B2 beamline of SPring-8. 16, 17 All of the measurements were performed at 298 K. Monochromatized X-rays of 61.6 keV were obtained using a Si (220) monochromator. The observed X-ray intensity was corrected for absorption, 18 polarization and incoherent scatterings 19, 20 to obtain coherent scattering intensities, Icoh(Q). The X-ray structure factor, S(Q), and the radial distribution function, G(r), per stoichiometric volume containing a [C2mIm + ][TFSA -] ion-pair were obtained according to
and
respectively, where ni and fi(Q) denote the number and the atomic scattering factor of atom i, respectively, 21 ρ0 is the number density, and B is the damping factor (0.008 Å 2 in this work).
MD simulations
An MD simulation for an NTP ensemble, i.e., 256 pairs of C2mIm + and TFSA -ions and 85 or 136 of BnMA (corresponding to xBnMA = 0.25 and 0.4, respectively) in a cubic cell at 298 K and 1 atm, was carried out, the simulation time was 2 ns. OPLS-AA and CLaP force fields were used for BnMA and
, respectively. 22 The densities obtained from the MD simulations were 1.4636 and 1.3878 g cm -3 for xBnMA = 0.25 and 0.4, respectively, and in good agreement with the corresponding experimental values (1.4353 and 1.3755 g cm -1 ). The details concerning the MD simulations are described in our literature. 4 On the basis of the radial distribution function, g MD (r), obtained from the MD results, the X-ray weighted structure factor, S MD (Q), was calculated as follows:
The X-ray weighted radial distribution function was obtained by exactly the same Fourier transform of S MD (Q). The X-ray structure factor and redial distribution function thus obtained were directly compared with the corresponding experimental data. suggests that the inter-molecular interactions between ions gradually vary with the addition of BnMA, i.e., BnMA-IL (cation and anion) interactions are formed in the solution. Figure 3 shows the radial distribution function in the form of r 2 [G(r) -1], which was obtained by a Fourier-transformation of S(Q) in the range of r < 15 Å. The r 2 [G(r) -1] value was intensified at around 4.3 and 5 Å, and weakened at around 3.1 and 9 Å with increasing BnMA content (arrows in Fig. 3 ). Here, it should be noted that the intra-and the inter-molecular interactions are seriously overlapped in r 2 [G(r) -1] at r = 3 -6 Å. 23 We thus attempted to extract the inter-molecular Ginter(r) by subtracting the intra-molecular Gintra(r) from the total G(r), which is shown in Fig. 4 . The Gintra(r)s for BnMA, C2mIm and TFSA were estimated from their optimized geometries, calculated by DFT calculations at the B3LYP/6-311+G(d,p) level. The optimized structure of BnMA is shown in Fig. 5 (central molecule). The procedure is described in detail in our previous papers. Ginter(r) and theoretical G MD inter(r) derived from MD simulations, respectively. As can be seen in this figure, the observed r 2 [Ginter(r) -1] was successfully reproduced by MD simulations for 13 and 21 wt% BnMA solutions. Significant peaks appeared at around 3.5, 4.1, 5 -6 and 9 Å in r 2 [Ginter(r) -1], which are obviously assigned to the inter-molecular component, not an intra-molecular one. Ginter(r) can be deconvoluted into 6 intermolecular components: BnMA-cation, BnMA-anion, BnMA-BnMA, cation-cation, cation-anion and anion-anion interactions. We extracted their partial radial distribution functions (gcation-BnMA(r), ganion-BnMA(r) and gBnMA-BnMA(r), gcation-cation(r), ganion-anion(r) and gcation-anion(r)) from the total Ginter(r), the typical result is shown in Fig. S1 . Here, in the present study we focused on the solvation of a side-chain within the polymer, i.e., BnMA-cation and BnMA-anion interactions. We thus picked up both BnMA-ion (IL) interactions, and analyzed in detail using a space distribution function (SDF Fig. 5 . The colored clouds in this figure represent the isoprobability surfaces of (a -c) 1.8 and (d, e) 2.4 larger probability density relative to the bulk one. Figure 5(a) shows the SDF of the C2mIm cation (center of mass) around the central BnMA. It was found in the isosurface that the C2mIm cation orderly distributes above and below a benzyl group within BnMA. The distribution of the C2mIm cation was also found around an O atom of a carbonyl group, although it was weak relative to that around a benzyl group. Figure 5(b) shows the SDF of the TFSA anion (center of mass) around the central BnMA. The TFSA anion distributes around the equatorial position of the benzyl group, where no cation distribution is found, though the orientation appears like a random probably due to a weak interaction between TFSA and BnMA. When the probability density in SDF increased (from 1.8 to 2.4), the distribution of the C2mIm cation still remained at the same position (Fig. 5(d) ). On the other hand, that of the TFSA anion completely disappeared, as shown in Fig. 5(e) 24 the C2mIm and TFSA ions solvate to different parts of the benzene molecule, respectively, to form a specific solvated structure. It was concluded that the imidazolium cation strongly interacts with the π electron-rich position both above and below the benzene plane, whereas the TFSA locates on the equatorial position of the benzene plane. This result is in good agreement with that obtained in our present work.
Results and Discussion
It has been established from DSC measurements that PBnMA in [C2mIm + ][TFSA -] endothermically phase-separates at the transition temperature (100 C), i.e., both ΔHdemix and ΔSdemix are positive values. 13 In our previous SANS and DLS studies, 14 we proposed an LCST phase-separation mechanism in PBnMA/ [C2mIm + ][TFSA -] solutions, as follows: (a) The solvent C2mim and/or TFSA ions solvate to PBnMA in the solution, and their freedom of motion (translation and orientation) is restricted around the polymer side-chain (benzyl group). (b) The freedom of motion of the solvent IL increases when the solvated ILs are liberated from the polymer upon phase separation, leading to a positive ΔSdemix. In this work, we clearly showed the solvation structure of the benzyl group (BnMA) with the C2mIm cation at the atomistic level; the BnMA-cation interaction is stronger than the BnMA-anion one. This is one of the reasons why the PBnMA/IL solution shows the LCST-type phase behavior, i.e., a strong and highly orientated interaction between the benzyl group and the C2mIm cation gives a low entropy state in the solution. We just extended our study to BnMA oligomer and PBnMA polymer systems. X-ray and MD studies are now going on.
